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Breakout Session Agenda

e |ntroduction of Facilitator/Scribe

e Breakout group introductions: name and
organization

e Session setup/ground rules

— Purpose

— Non-purpose
e Overview presentation of topic
* |ID representative for report-out
e Discuss questions

e Summarize



Purpose ot SOLAR AMERICA
Breakout Session Y

» Discussion of critical issues that will have a significant impact
on the structure of the initiative and the resulting solicitation.

Session Non-Purpose: Topics not discussed or debated:

» Specific answers to questions posed by participants

* Provide information on the DOE procurement process
 DOE Solar budget or current program structure

« DOE Administration policy decisions

* Proprietary corporate or organizational information

« Sales or marketing speeches for participants’ companies
* Present unverified technical data or assertions
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proposals

OT PRODUCTION: Pilot-scale prodq

ms. Completion of all assoclated

le fa mlmes
Ip

lopment of pilo

2. TPPs define YOUR
gates, criteria,
timing, etc.

2 PRELIMINARY

STAGE 2 PRELIMINARY INVESTIGATIONY
of laboratory investigations, physics-based m

investigations or literature review with pone
tests are made. Prior completion of this Stage will be a
¢ ar N r 5in
C

1 to accomplish SAl levelized cost of energy

1 and manufacturing process demonstration

N: Graduation from initiative. Possible gov't role through further loan guarantees for increased scale-
= ek from earlier production and {ests; further lab and field testing/monitoring of overall sys PV |NDUSTRY AT COST
Stag eS aS ConSIStent ?COMMER{: GOALS AND HIGH VOLUME
EMIIJNSTRﬁTION: r f ill-scale production facilities through loan o SG REPLICATION :
framework for e i Bt ST e

STAGE 4 - Prototype System Development:
Development and demonstration of integrated
system (full-scale) prototype in a relevant
operational environment.

Detailed design of integrated manufacturing
processes, and demonstration of all key
processes at sub-scale. Performance and cost
of components (often produced in pilot-scale
operations) support system prototype
development. Test and evaluation efforts must
validate performance and economic objective

goals. Extensive use is made of accelerated
lifetime and stress testing to improve reliability
and mitigate potential field problems. Evaluate
progress toward business plan (and refine)
based upon prototype system development

results.
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STAGE GATE WILL BE USED THROUGHOUT THE
SOLAR ENERGY TECHNOLOGY PROGRAM

- DEVELOPMENT CYCLE goes from applied research
Investigations through massive production support
activities

— Stage Gate is used throughout Development Cycle

—Work is done in “STAGES”

— Program reviews are done at “GATES”

— Increasing rigor, industry involvement, and expenditure
are expected as development moves through successive
stages
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Development Cycles in Photovoltaics
are divided into “STAGES”

— In each “STAGE” you improve the maturity of:
* Products
* Processes
e Business Planning

— Each “STAGE” has 1 or more “GATES” where decisions are
made based on previously established criteria for:

 Products
e Processes
* Business Planning
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Gates:

«More gates, more frequently at early “@ BOALS AND HIGH YOLUME
Stag eS REPLICATION ==

6 COMMERCIAL

sIncreased rigor in criteria, evaluation

process, and industry cost share

with successive gates e

emone Our Process:

— *Provide structure (stage definitions)
2 PRELIMINARY for TPP proposals without over

PR vesTIcATIONS | prescribing or over constraining
1 APPLIED RESEARCH

sPartnerships define Gates, Criteria,
and Schedule

*SETP enforces accountability
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In TPPsS

Development Ciele or ene UlPP \
1)

(this partnership plans to accomplish everything in phase

4 5w OF,

Wz PV INDUSTRY AT COST
_Frroeiym ) GOALS AND HIGH VOLUME

REPLICATION =S

Different partnerships can start in
different stages 6 COMMERCAL

*SAI cycle will likely begin no earlier
than Technology R&D Stage
ORIENTED DESIGN

*Overlap between SAI ~ i Ll
phases is likely :

Phase 3

Phase 2

Development Cyecle
PNE  esTicHTons | for a different TRR

1 APPLIED RESEARCH
Phase 1



Lo e Metrics will be Critical
R y

/) Energy Efficiency and Renewable Energ

Important to Assess:
*Products,

Processes, and

Business Plan ¢
SYSTEM DEVEL.
|SG

3 TECHNOLOGY R&D

‘ 2 PRELIMINARY
‘m INVESTIGATIONS

1 APPLIED RESEARCH
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_d PV INDUSTRY AT COST
_Froreim )| GOALS AND HIGH VOLUME

REPLICATION

6 COMMERCIAL
PRODUCTION
DEMONSTHATION

ORIENTED DESIGN
& PILOT PROD.

Systems Driven Approach
metrics (criteria) of
performance, reliability,
and cost remain



TPP Application of Stage-Gate Frtailaigiie
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e Criteria for the TPPs must be
SMART:

S - Specific

M - Measurable
A - Achievable
R -  Relevant

o T -  Timetable
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e Hardware

— modules, inverters, BOS components, fully integrated prototype
systems, commercial system, etc.

e Data

— efficiency, manufacturing costs, throughput, energy produced in
field trials, operating environment, etc.

e Assessments relative to criteria

— analyses, data, independent evaluations, etc. validating that your
criteria have been met or exceeded for products, processes, and
business plan

e Criteria and plans for next stage efforts

— criteria, their basis and connection to program goals, process for
determining if criteria are met, major technical barriers, plans for
barrier removal, etc.
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Gate reviews are NOT STATUS REPORTS!!!I

Projects must demonstrate they have met
criteria of the current gate

Make an informed decision on the future of the
project
- Pass, Recycle, Hold, or Kill

Downselects will be implemented based (in
arge part) on gate review results

Projects that “pass” the gate must have detailed
plan for next stage of development
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Develop Plan (coats,

Strategy, and Gate Criteria)
|




LCOE (5/kWh)

Establish Baseline SQ.L.Q__FLéMEﬁlETﬁ

wis
(Cost, performance and reliability of “(?‘

your current technology)

50.35 5
B osm
B Other Costs
51}.3':' ] |_| |'b-.l-_..ll.,-|||¢l11,i:,r:|
[ 205
2 _ B inverer
50.25 B vodules
50.20

5015 ldentify Current

il System Cost
50.05 Elements In
50.00

2005 Baseline CaICUIatlng LCOE
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TPP Baseline
System Element o Parameters
; . . o P
DO C u m ent YO U R System Location & Orientation Phoenix — latitude -15
- . . System Size kW 4
starting points:
Module Price $/Wdc 4.00
version efficienc % 185
«Cost )
Module size Wpdc 100
° Perfo rmance Inverter Price $/Wac 0.9
Inverter size kW 4
ORel | ab| | |ty DC-AC conversion efficiency % 90
Inverter life/replacement Years 5
Other BOS $/Wdc 0.61
Installation $/Wdc 1.66
Other/Indirect* $/Wdc 1.30
INSTALLED SYSTEM PRICE $/Wdc 8.47
Lifetime Years 30
Degradation %l/Yr 1
“Other/Indirect” category System derate % 5
includes design,
engmee“ng_’ S_lte related O&M Cost (not incl. inverter replacement) % installed price 0.5
costs, permitting, and
profit LEVELIZED COST OF ENERGY (COE) $/kWhac 0.32
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Develop Plan v =
(Goals, Strategy, and Gate Criteria)

Phase 1 Goals
System Element Units Baseline Parameters Goal S 2015
System Location & Orientation Phoeni de — 159)
System Size kW 4 4.56 5.92
D ev e I O p YO U R $/Wdc 4.00 2.5 1.25
’ 70 11385 17 20
near-term and
$/Wac 0.9 0.50 0.30
long-term goals o 4
% 90 94 97
Inverter life/replacement Years 5 20 20
Other BOS $/Wdc 0.61 0.55 0.33
Installation $/Wdc 1.66 0.32 0.42
Other/Indirect* $/Wdc 1.30 1.13 1.00
INSTALLED SYSTEM PRICE $/Wdc 8.47 5.00 3.30
Lifetime Years 30 35 35
Degradation %IYr 1 1 1
System derate % 5 5 )
O&M Cost (not incl. inverter replacement) % installed price 0.5 0.3 0.2
LEVELIZED COST OF ENERGY (COE) $/kWhac 0.32 0.15 0.09
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Develop Plan

(Goals, Strategy, and Gate Criteria)

|Os M etrics

Establish YOUR
strategy for how

Performance/
Efficiency
Réliability

=
. - © 3
you will achieve “'O
Ab¥ber
yo ur g o) al S Cells aN Contacts ‘-
I nterconneN Area of
Packagng ~ L High
Manufacturing Potential
T N Impact
Inverter Sftware
Inverter ComponentsDesign
2. Investers and BOS Invtr PackagingMandfacturing ﬁ

Inverter Integration
Other BOS

Systems Engr & Int.
System Manufacturing/Assembly
I nstallation and Maintenance
Other Elements

3. Systems Engineering & Integration

4. Deployment Facilitation




Develop Plan

(Goals, Strategy, and Gate Criteria)
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6 mo 12 mo 18 mo 24 mo

System Design

Systems Engineering & Integration

Evaluate system concepts and
component requirements

v optimized system Reyiew
ﬁ%ﬂqeptual design

30|m0 36|m0

System Prototype
Integrate Component hardware

A\/ \@rform market

Simulate system cost and Demo Rapid Install Hardware )

into system prototype
A

A

>

technical tradeoffs trai\ﬁo\n calculations 4

A Demo component integration

with building materials

Conduct system performance

modeling Perform detailed system perfof

Mmance analyses using|input

from prototype4

rm comp
sen3|t|V| S ud|§\

/Develop production equipment

A evaluations

scale-up

v

guirements and prototy

Modules

Assess and validate thin wafer Develop prototype module

pes

production technologies with thin wafers performance’and/reliahility
. A =
Select encapsulant materials parameter @
and processes for thin wafers Dev &|validate thin tiat Qﬁ& cale thin wafer /\
Improve cell efficiency thru RIS [T TR AT (ST \/ -
.......... technologies

N

Inverters & BOS

Develop 20 year lifetime
inverter prototype

Demo thermal

\ Test & eval inverter

Modify existing production

mgmt concepts /\
Develop topology, sur

) ge
suppression & long-life

\f prototype \/

components

A

Evaluate novel inverter / frame

Develop proof of concept
“module” to test frame-

line to mfg long-life inverter

Perform qual and
/\accelerated aging tests

integration concepts \/ integrated inverter

9

on frame-integrated
inverter “module”



(Goals, Strategy, and Gate Criteria)
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Develop Plan

—

6 mo

12 mo

Systems Engineering & Integration

18 mo 24 mo 30 mo 36 mo

System Design

component requirements

Evaluate system concepts and

Dev optimized system ReYiew

/\ conceptual design

Simulate system cost and
technical tradeoffs

N

Perform market
penetration calculations 4

System Prototype

Conduct system perform
modeling

A

Perform component
sensitivity studies

Integrate component hardware
/\_into system prototype I i :

apid Install Hardware
' MAJOR GATE REVIEWS

Modules

Assess and v
productiogechnologies

ate thin wafer

ses for thin waf

sulant materials

. Major reviews by DOE will occur:

Develop prototype module
with thin wafers

Imnrnva ~all nffir\,nr\\l thri

Interim Gate & Stages

YOU must identify
Interim milestones for
__important component
and system reviews

A
T ev &
wafer

ifetime

sat the end of each award phase
(which must be planned as the end
m&% of a stage) and

perf

eat appropriate interim times
specified by YOU (~16-18 mo.)

ype

inverter / frame

" DOE reviews will be based on
SMART criteria (supplied

n concepts

previously by YOUR TPP)
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Develop Plan
(Goals, Strategy, and Gate Criteria)

18 mo 24 mo 30 mo 36 mo

% A A .
O U System Design
= System Prototype
em REYIEW Integrate componenthardware
aYd= a ol into system prot?Eype
AN 7 A I ~Ara Fo ket Demo Jlapid Install Hardware X
@, @, @, -
- Demo cofgponent integration
allC A alll PDPA ent ilding materials
I he de ad 1es Perform detailed system perfoifmance apalyses usinglinput
U from prototype4 evaluations
D O C pelld e - Develop production equipment|scale-up _
requirements and prototypes i
C @, . . @, C
modu Determine module
ion technologies ith thin“afer performance and reliability
Select efcapsulant material pErEE s
esses for thin wafer De alidate thin Initiate pilotiscale thin wafer /\
Improve cell efficierky thru wafer|m rocess \/ module production V4 Lo
.......... technologdies
Inverters & BOS
Demo thermal velop 20 year lifetime

mgmt concepts inverter prototype

Test & eval inverter Modify existing production

Develop topology, sur

ge
suppression & long-life

prototype to mfg long-life inverter

evelop proof of concep
“module” to test frame-

Perform qual and

erter / frame accelerated aging tests /"

components ovel inv
@€gration co

ncepts

\/ integrated inverter on frame-integrated

inverter “module”
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sIndependent, credible validation of deliverables for
performance, reliability, and safety

sspecify how you will validate your claims

sspecify applicable codes, standards, or protocols

sldentify needed national lab, RES, and other testing support — level &
timing

*Test and evaluation protocols — all TPPs will actively
participate in development

eTransparent documentation of test & evaluation
efforts w/o compromising proprietary data

*Validation approaches will be integral part of TPP
award negotiations
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Select Representative for Report-Out
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Stage Gate Questions

What difficulties do you see in fitting your project into the SG framework?
*What further detail is needed in SG to facilitate your bid packages?

How can you effectively present SG material in your bids to facilitate
effective technical tracking during the period of performance?

What types of SMART criteria at the system level will be most appropriate
for gate reviews?

How can you best show how component improvements contribute to your
overall system-level plan on this schedule? directly to the LCOE?

Test & Evaluation Questions

Do teams have an adequate understanding of the capabilities of the labs to
conduct T&E? How can this understanding be improved?

How effectively can your team present a three-year T&E schedule,
including lab participation, as part of your bid package? What is a
reasonable expectation for this?

*What types of specific protocols are needed to assure a level playing field

for T&E activities?
— For lab and field tests on new components and systems?
— For handling of equipment and data?
— For reporting, both to teams and to the SAl management?
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